Ng'ambi et al.: Effects of mixture level of sorghum hay with forage legumes on performance and blood metabolites of yearling indigenous pedi bucks - Abstract. Four experiments were conducted at the University of Limpopo Experimental farm, Limpopo province, South Africa to determine the effect of legume inclusion on the performance of Pedi bucks on a basal diet of forage sorghum hay. Vigna ungiculata (cowpea), Lablab purpureus (lablab) and Mucuna pruriens (mucuna) hays were used in this trial at different inclusion levels. Fifteen yearling Pedi bucks with average weights of 15 ± 4 kg (Experiment 1), 18 ± 2 kg (Experiment 2) and 17 ± 3 kg (Experiment 3) were used in the first three experiments in a completely randomised design. Nine goats with an average weight of 20 ± 4 kg were used in Experiment 4. Mucuna hay had the highest (P < 0.05) hydrolysable tannin contents. Lablab hay had higher (P < 0.05) total polyphenolics than mucuna, cowpea and sorghum hays. Dry matter intake and digestibility increa sed with increasing levels of the respective forage inclusion levels. Cowpea and mucuna hay improved (P < 0.05) final live weights and feed conversion ratio, while goats on lablab hay lost weight. Diet intake, digestibility and final live weights of the goats were optimized at different forage inclusion levels. This may indicate that legume inclusion levels for optimal productivity will depend on the particular parameter of interest.
Introduction
Goats are economically, nutritionally and culturally important livestock species among the agrarian rural communities of South Africa. Additionally, the indigenous Pedi goats in Limpopo Province of South Africa constitute a valuable source of genetic material because of their relative adaptation to harsh climatic conditions and their ability to better utilise the limited and poor quality feed resources (Brown and Ngambi, 2017) . However, their productivity is limited by acute shortages of good quality feed, especially during the dry and winter seasons . Available fodder during this period is fibrous and low in nitrogen resulting in low voluntary intake and digestibility (Tolera et al., 2000) . Poor nutrition results in loss of body weight and reproductive performance (Matlebyane et al., 2010) . Supplementation with forage legumes may be appropriate alternative for increasing intake and digestibility of these poor quality roughages (Mupangwa, 2002) .
Forage legumes such as Vigna ungiculata (cowpeas), Lablab purpureus (lablab) and Mucuna pruriens (mucuna) are commonly grown by farmers in Limpopo province of South Africa. These legumes have high nitrogen contents and hence there is potential to increase the productivity of indigenous goats feeding on low quality roughages. Legumes can supply the limiting nitrogen in the form of amino acids and peptides. Abule et al. (1995) reported increased total dry matter (DM) intake in calves fed straw supplemented with either cowpea or lablab hay. Umunna (Ndlovu and Sibanda, 1996) . Mupangwa et al. (2002) concluded that inclusion of Mucuna pruriens, (mucuna) in low quality grass hay diets increased protein availability in sheep by increasing the supply of both rumen degradable and undegradable proteins. However, some of these legumes may contain polyphenolic compounds which may reduce diet intake and digestibility (Reed, 1995) . The effects of such compounds in tropical legumes on diet intake and digestibility have not been extensively studied in indigenous goat breeds. Thus, extensive evaluation of these forage legumes in terms of their polyphenolic effects on diet intake, digestibility and productivity is appropriate. Therefore, the objective of this study was to determine the effect of mixture level of forage sorghum with cowpea, lablab or mucuna legumes on diet intake, digestibility growth and blood metabolites of indigenous Pedi goats of South Africa.
Materials and methods

Study site
This study was conducted at the University of Limpopo Experimental Farm, South Africa (latitude 27°55 S and longitude 24°77 E). The ambient temperature at the study site ranges between 20 and 36°C in summer (November -January) and between 5 and 25 °C in winter (May -July). Mean annual rainfall ranges between 446.8 and 468.44 mm. The vegetation is a mixture of shrubs (mainly Vachellia species), trees and grass.
Forages
Forage sorghum, cowpea (Vigna ungiculata), lablab (Lablab purpureus) and mucuna (Mucuna pruriens) hays were grown in large plots under irrigation in January, 2012. At harvesting, the legumes were at the flowering stage while forage sorghum was at early grain filling stage. The forages were harvested using a mower, and dried under the shade to prevent nutrient loss. After drying, the forages were chopped (12.7 mm length) to reduce selection by animals when feeding (Mentu et al., 2001 ). The dried and chopped forages were then thoroughly mixed according to the different ratios and packed into sacks as hay for winter-feeding.
Experimental procedures, treatments and designs
This study was divided into a series of experiments due to lack of equipment to conduct the whole study in one session. The experimental design was a completely randomized design, with individual animals placed in metabolic cages as experimental units. A total of four experiments were conducted. Experiments 1 to 3 involved cowpea, lablab and mucuna hays, respectively, while Experiment 4 determined the inclusion level for optimal intake from each of the first three experiments, as indicated below. The dietary treatments for optimal intake were determined from the quadratic equations described under statistical analysis. The experimental treatments were as listed below: 10 A mixture of 90% forage sorghum and 10% cowpea FS 80 C 20 A mixture of 80% forage sorghum and 20% cowpea FS 70 C 30 A mixture of 70% forage sorghum and 30% cowpea FS 60 C 40 A mixture of 60% forage sorghum and 40% cowpea FS 50 C 50 A mixture of 50% forage sorghum and 50% cowpea Experiment 2 Treatments Code Description of the treatment FS 90 L 10 A mixture of 90% forage sorghum and 10% lablab FS 80 L 20 A mixture of 80% forage sorghum and 20% lablab FS 70 L 30 A mixture of 70% forage sorghum and 30% lablab FS 60 L 40 A mixture of 60% forage sorghum and 40% lablab FS 50 L 50 A mixture of 50% forage sorghum and 50% lablab Experiment 3 Treatments Code Description of the treatment FS 90 M 10 A mixture of 90% forage sorghum and 10% mucuna FS 80 M 20 A mixture of 80% forage sorghum and 20% mucuna FS 70 M 30 A mixture of 70% forage sorghum and 30% mucuna FS 60 M 40 A mixture of 60% forage sorghum and 40% mucuna FS 50 M 50 A mixture of 50% forage sorghum and 50% mucuna Experiment 4 Treatments Code Description of the treatment S 61 C 39 A mixture of 61% forage sorghum and 39% cowpea S 68 L 32 A mixture of 68% forage sorghum and 32% lablab S 77 M 23 A mixture of 77% forage sorghum and 23% mucuna
Animals
All procedures involving animals were approved by the Animal Research Ethics Committee of the University of Limpopo, South Africa. Fifteen growing yearling Pedi bucks (a local breed in Limpopo province of South Africa) with mean live weights of 15 ± 4 kg (Experiment 1), 18 ± 2 kg (Experiment 2), and 17 ± 3 kg (Experiment 3) were used. Nine goats with a mean live weight of 20 ± 4 kg were used in Experiment 4. In each experiment, different goats were used but of similar ages. Thus, a total of 54 goats were used in the study. Each treatment had three replicates with one goat per replicate as described by . The animals were housed in individual metabolic cages that allowed the separation of faeces and urine (5.5ˈ x 2.0ˈ) and were given the experimental diets during the study period. The goats were drenched with an anthelmintic (Valbazen® broad-spectrum dewormer, Pfizer Inc, NY, USA) before the start of the experiment.
An adjustment period of 2 weeks allowed goats to become acclimatized to the metabolic cage before the start of the study. Each goat was initially fed 700 g of feed per day in individual troughs. This amount was adjusted accordingly so that a 10% feed refusal was maintained to avoid selection. Goats were fed once a day at 08.00 hours and feeds offered and refused were determined. Each experiment lasted for 21 days, the last 7 days being collection period. Animals had access to feed and water ad libitum. The goats were weighed weekly. Average daily gain was determined. The weighing of the goats was carried out before morning feeding to avoid feed effect (Sarwatt et al., 2003) . Feeds were collected from each diet and stored for laboratory analysis. During collection, daily faecal outputs for each animal (Olafadehan, 2011) . The blood samples were collected from each animal, before feeding at the beginning and end of the study, into anticoagulant free bottles, allowed to coagulate at room temperature and centrifuged at 1500ˈx g for 10 min. The supernatant sera were then harvested and stored at -20°C for subsequent analysis.
Laboratory analyses
Samples of the forages (cowpea, lablab, mucuna and sorghum) were ground to pass a 1 mm screen for nutrient analysis. Samples for tannin analysis were further ground to pass through a 0.2 mm screen. Dry matter of feeds, refusals and faeces were determined by the method described by AOAC (2005). Ash was determined by the method described by AOAC (2005) . Acid detergent fibre and neutral detergent fibre were determined by the method described by Van Soest et al. (1991) . Nitrogen content was determined for feeds and faeces using the Kjedahl procedure (AOAC, 2005). Sodium oxalate fluoride was used for glucose preservation, while the blood glucose was determined by enzymatic colorimetric test (Quimica Clinical Applicada, SA). Serum urea was obtained by the method of Valley et al. (1980) . Extraction of polyphenolics from plant material was done using the method described by Makkar et al. (1995) . Condensed tannins, hydrolysable tannins and total polyphenols were determined using the methods described by Porter et al. (1986) .
Statistical analysis
All data on diet intake, digestibility, weight change, feed conversion ratio, nitrogen balance, and blood metabolites were analysed using the General Linear Model procedures of SAS (SAS, 2010). Covariance analysis was done using initial bodyweight of the goats as covariate. Treatment means were compared using Tukey's HSD and significant differences were declared at P < 0.05. The responses in optimal intake, digestibility, weight change, feed conversion ratio, nitrogen balance, and blood metabolites were modelled using the following quadratic equation:
where Y = Intake, digestibility, weight change, feed conversion ratio, nitrogen balance or blood metabolites; a = intercept; b = coefficients of the quadratic equation; x = level of inclusion and -b 1 /2b 2 = level of inclusion value for optimal production response (Brown and Ng'ambi, 2017).
Results
Nutrient composition of feeds
Results of the chemical composition of the experimental feeds are presented in Table 1 . Cowpea, lablab and mucuna hay had higher (P < 0.05) protein contents than sorghum hay. There were traces of tannins and polyphenolic compounds in all the forages. However, mucuna hay had higher (P < 0.05) condensed and hydrolysable tannin contents when compared to sorghum, lablab and cowpea. Lablab hay had higher (P < 0.05) total polyphenolics (1.24 mg/g) when compared to mucuna (0.35 mg/g), cowpea (0.05 mg/g) and sorghum (0.17 mg/g) hays. Cowpea hay had lower (P < 0.05) total polyphenolics, condensed and hydrolysable tannin contents. 
Cowpea inclusion
The results of the effect of cowpea hay inclusion level on diet intake, digestibility, live weight change, nitrogen balance and blood serum chemistry of indigenous Pedi bucks fed a basal diet of forage sorghum hay are presented in Table 2 . Daily dry matter intakes of cowpea were similar (P > 0.05) across dietary treatments, ranging from 370 to 511 g per goat per day. Similarly, goats consumed similar (P > 0.05) amounts of organic matter (OM) and neutral detergent fibre (NDF) contents. However, Pedi bucks on diets 20, 30, 40 or 50% cowpea hay inclusion levels had higher (P < 0.05) crude protein (CP) and acid detergent fibre (ADF) intakes than those on diets with 10% cowpea hay. Pedi goats on a diet with 50% cowpea hay inclusion level had higher (P < 0.05) DM, OM and CP intakes per metabolic weight as compared to those on other dietary treatments. Goats on diets having a 30% cowpea hay inclusion level had lower (P < 0.05) NDF and ADF intakes per metabolic weight than those on other dietary treatments. Dry matter, OM, NDF and ADF digestibility values were similar (P > 0.05) across the dietary treatments. However, goats on diets having 20, 40 or 50% cowpea hay inclusion levels had higher (P < 0.05) dietary CP digestibility values than those on diets having 10 or 30% cowpea hay inclusion levels. Pedi goats fed diets having 20, 30, 40 or 50% cowpea hay inclusion levels had higher (P < 0.05) nitrogen intakes than those on a diet with 10% cowpea hay inclusion level. Similarly, goats on diets having 20, 40 or 50% cowpea hay inclusion levels retained higher (P < 0.05) amounts of nitrogen than those on 10 or 30% cowpea diets. Cowpea inclusion level did not (P > 0.05) have effects on blood glucose concentration of the bucks. However, goats fed diets having 20, 40 or 50% cowpea hay inclusion levels had higher (P < 0.05) blood 
Lablab inclusion
The results of the effect of lablab hay inclusion level on dietary intake, digestibility, live weight change, nitrogen balance and blood serum chemistry of indigenous Pedi bucks fed a basal diet of forage sorghum hay are presented in Table 4 . 
Mucuna inclusion
The results of the effect of mucuna hay inclusion level on dietary intake, digestibility, live weight change, nitrogen balance and blood serum chemistry of indigenous Pedi bucks fed a basal diet of forage sorghum hay are presented in Table 6 . Daily DM, OM, NDF and ADF intakes were similar (P > 0.05) across the dietary treatments. However, goats on a diet having 50% mucuna hay inclusion level had higher (P < 0.05) crude protein intakes than those on diets having 10, 20, 30 or 40% dietary treatments. Goats on a diet having a 40% mucuna hay inclusion level had higher (P < 0.05) DM, OM, CP, NDF and ADF intakes per metabolic weight than those on other dietary treatments. Similarly, goats on a diet with 50% mucuna hay inclusion level had higher (P < 0.05) DM and OM intakes per metabolic weight than those on 10, 20 or 30% inclusion levels. Goats had similar (P > 0.05) DM, CP, NDF and ADF digestibility values across dietary treatments. However, goats on diets with 10 or 50% mucuna hay inclusion levels had higher (P < 0.05) OM digestibility than those on other dietary treatments. Goats on diets having a 50% mucuna hay inclusion level had higher (P < 0.05) nitrogen intake and nitrogen retention than those on diets with 10, 20, 30 or 40% inclusion levels. Goats on diets with 40 or 50% mucuna hay inclusion levels had higher (P < 0.05) blood glucose than those on 10, 20 and 30% inclusion levels. Similarly, goats on diets having 20, 40 or 50% mucuna hay inclusion levels had higher (P < 0.05) serum urea concentrations than those on 10 or 30% inclusion levels. Goats on diets having 10 or 50% mucuna hay inclusion levels had higher (P < 0.05) final body weights than those on other dietary treatments. Goats on diets having 30 or 40% mucuna hay inclusion levels had better (P < 0.05) feed conversion ratio than those on 10, 20 or 50% mucuna hay inclusion levels. Mucuna hay inclusion levels of 50.27, 47.86, 59.75, 33.87 and 35.73% optimized DM, OM, CP, NDF and ADF intakes per metabolic weight of the goats, respectively, while live weight change and feed conversion ratio of the goats were optimized at 41.7 and 41.5% inclusion levels, respectively ( Table 7) . 
Optimal intakes
The results of the effect of cowpea, lablab, and mucuna hay inclusion level at optimal intake are presented in Table 8 . Daily DM, OM, CP and ADF intakes of the diets were similar (P > 0.05) across dietary treatments. However, goats on diets having cowpea or lablab had higher (P < 0.05) NDF intakes than those on a diet having mucuna hay. Crude protein and ADF intakes per metabolic weight were not affected (P > 0.05) Ng by dietary treatment. Pedi goats on diets having cowpea had higher (P < 0.05) DM, OM and NDF intakes per metabolic weight than those on diets having lablab and mucuna hays. Dietary treatments had no effect (P > 0.05) on diet DM, OM, CP, NDF and ADF digestibility. Similarly, dietary treatment had no effect (P > 0.05) on diet nitrogen intake, nitrogen retention and weight gain of the goats. However, goats fed a diet containing lablab had higher (P < 0.05) final body weights than those on diets containing cowpea hay. Goats on a diet having mucuna hay had better (P < 0.05) feed conversion ratio than those on diets containing lablab or cowpea hay. 
Discussion
The legume species have higher protein contents (18% and above) than sorghum hay (13%). The protein values of cowpea, lablab and mucuna hays were similar to the protein values reported by Nielsen et al. (1997) and Adjorlolo et al. (2001) , respectively. Thus, these legumes can be used as protein supplements where low quality roughage is used as a basal diet for goats. Forage sorghum hay contained higher amounts of acid detergent fibre than the legumes. Higher acid detergent fibre contents may indicate lower digestibility values (Buxton et al., 1996) . Lablab hay had the highest concentrations of total polyphenols. Mokoboki (2007) Cowpea hay inclusion increased crude protein intake and digestibility by goats. This result is similar to the findings of Ravhuhali (2010) who reported higher intake responses in goats fed a basal diet of buffalo grass supplemented with cowpea hay. Anelea et al. (2010) also reported increased dry matter and crude protein intakes by goats fed cowpea haulms. The authors attributed this to the high protein content in cowpea hay. In the present study, the level of inclusion for optimal intake was 38.66% of the diet. The optimal intake at this level was calculated to be 500 g per goat per day. This high diet intake may be attributed to the high protein content in cowpea hay. It may, also, be attributed to increases in DM and OM digestibility with increasing levels of cowpea hay inclusion as observed in the present study. In the present study, cowpea inclusion improved nitrogen retention and feed conversion ratio. Nitrogen retention was optimized at 56.25% level of cowpea inclusion, while feed conversion ratio improved linearly with increasing level of cowpea. Live weight of goats also increased linearly with increasing level of cowpea hay inclusion. This linear increase in live weight may be explained in terms of increases in diet intake and digestibility of the legume. This observation has been reported elsewhere in the literature (Savadogo et al., 2000; Ravhuhali, 2010) . Cowpea hay inclusion significantly increased blood serum urea. This is similar to the results of Turner et al. (2005) who found increase of urea in the blood serum of goats given Lespedeza cuneata or alfalfa (Medicago sativa) hays.
Lablab hay inclusion increased diet DM intake and digestibility by goats. The level of inclusion for optimal intake was 32.29% of the diet. The optimal intake at this level was calculated to be 576 g per goat per day. According to Goodchild and McMeniman (1994) , animals on supplements with higher protein contents exhibit better intake, digestibility and live weight gain responses. However, lablab inclusion had a negative effect on live weight gain. Weight lost was observed at all inclusion levels. Nsahlai and Umunna (1996) reported no effect on live weight gain of sheep fed a basal diet of oat hay supplemented with lablab. This adverse effect may be explained in terms of the high concentrations of polyphenols in lablab hay. High concentrations of polyphenols in a diet tend to reduce nutrient availability to the animals, thus adversely affecting its live weight gains (Tanner et al., 1990) . It was possible that the protein in lablab hay was not available to the animals due to the high tannin content which tend to bind with proteins and hence reducing their digestion (D'Mello, 1992). Similarly, other dietary nutrients such as carbohydrates and vitamins may have been adversely affected by the total polyphenols in the digestive tract, thus negatively affecting nutrient availability and growth at tissue level (Makkar, 2003 shown that lablab supplement to low quality hay increased average daily gain of ruminants (Ndlovu and Sibanda, 1996; Festus et al., 2008) . In the present study, lablab hay inclusion improved nitrogen retention. A low inclusion level of 39.17% optimized nitrogen retention. This observation may be ascribed to high concentrations of total polyphenols in lablab hay. Tannin-protein complexes in an animal's gut are believed to be responsible for low protein digestibility and increased faecal nitrogen concentrations (McNabb et al., 1993) . Mucuna hay inclusion improved diet CP intake and OM digestibility. The results are in agreement with that of Mupangwa et al. (2002) . Other studies have shown that mucuna hay is a good crude protein supplement for ruminants fed low quality forages such as maize stover and tropical grass hays (Mupangwa et al., 2002; Nyambati and Sollenberger, 2003) . Additionally, mucuna hay inclusion improved feed conversion ratio of the goats. Level of inclusion for optimal live weight change and feed conversion was 42%. Such a level is recommended when performing dose-response trials. Mucuna hay inclusion improved live weight of the animals despite the presence of high levels of tannins in the diet. The improvement in live weight may be explained in terms of increases in diet intake and digestibility by goats. This result is similar to the findings of who reported higher live weight gains in indigenous Pedi bucks fed tanninferous Acacia karroo leaf meal. Solaiman et al.
(2010) also reported improved weight gains in goats fed forages high in condensed tannins. Usually, tannins tend to reduce dietary intake and digestibility (Reed, 1995) . However, there is evidence that low to moderate tannin content in diet may increase the efficiency of protein utilisation by ruminants (McNabb et al., 1993) . Tannins bind with proteins at the rumen pH of 5.5 to 7.0 and protect protein from microbial degradation. These complexes are unstable at low pH in the abomasum, thus the proteins become available for digestion in the small intestines upon appropriate change in pH (McArthur et al., 1992) . Mucuna hay significantly increased blood serum urea level. This observation may be ascribed to an increase in diet digestibility. Increased serum urea would, thus, suggest increased absorption of amino acids (Silanikove et al., 1996) .
When levels of forage inclusion for optimal intake were used (Experiment 4), goats on cowpea or lablab hays had similar NDF intakes which were higher than those on mucuna hay. Dry matter, OM and NDF intakes per metabolic weight of cowpea hay were higher than those of lablab and mucuna hays. Goats fed lablab hay had the highest final live weight (25.4 kg). Goats fed mucuna hay had better feed conversion ratio than those on cowpea and lablab hay inclusions. However, these values could not be compared due to lack of sufficient information in literature.
Conclusion
All the legumes used in this study had higher protein contents than sorghum hay and thus, have the potential to be utilised as protein supplements, where low quality hay is used as a basal diet for goats. Feed intake, digestibility and final live weights of the goats were optimized at different levels for all the legumes. This may indicate that levels for optimal productivity will depend on the particular parameter of interest. Lablab hay had negative effects on live weight gain of goats. The high concentration of polyphenol in the diet may have exerted adverse effects on the performance of animals. Further studies are required to ascertain this observation.
